Introduction
Potyviruses constitute an important group of viruses causing severe economic damage to various crops; they are believed to be responsible for about 40% of all plant diseases of virus origin. Potyvirus particles are fiexuous rods of 680 to 900 nm in length and contain one positivesense single-stranded genomic RNA molecule of approximately 10 kb, which is encapsidated by a single type of coat protein (Hollings & Brunt, 1981) . The genomic RNA has a protein (VPg) covalently attached to its 5' end (Hari, 1981) and a poly(A) tract at its 3' end (Hari, 1979) , and is translated into one single polyprotein, which is proteolytically processed into at least eight different proteins Allison et al., 1986; Carrington & Dougherty, 1987; Chang et al., 1988; Hellmann et al., 1988; Shahabuddin et al., 1988) . Potyviruses are generally identified by particle morphology and the serological properties of the coat protein (Moghal & Francki, 1976 , 1981 . Immunological crossreactivity of sera raised against different potyviruses has also been used for classification and for the establishment of taxonomic relationships (Shukla & Ward, 1989) , and recently potyvirus group-specific antibodies, recognizing conserved epitopes in the coat protein, have been developed for the identification of uncharacterized potyviruses (Jordan, 1989) .
Potyvirus sequence data are accumulating rapidly; at least four complete genome sequences of distinct potyviruses and more than 20 coat protein sequences, of which at least eight belong to distinct potyviruses, have been reported (Shukla & Ward, 1989; Maiss et al., 1989; Robaglia et al., 1989) . The available potyvirus sequence data made possible the development of a method for the identification of potyviruses based upon the polymerase chain reaction (PCR). Degenerate oligonucleotide primers complementary to conserved genomic sequences shared by all known members of a virus group have been shown to enable the identification of new related members of the animal hepadnavirus group (Mack & Sninsky, 1988) and, recently, of a group of plant DNA viruses, the geminiviruses (Rybicki & Hughes, 1990) . To develop a similar identification method for the potyvirus group, local conserved regions in the core domain of the potyvirus coat protein and in the NIb replicase protein were selected to provide nucleotide sequences for the construction of degenerate primers for application in a potyvirus group-specific combined assay of reverse transcription (RT) and PCR (RT-PCR). Here we report the positive identification by this technique of two prospective members of the potyvirus group and of a new potyvirns isolated from gloriosa plants. In addition, we present the coat protein gene sequence of a potyvirus infecting lily plants, tulip breaking virus from lily (TBVlily), which we used as a template with known nucleotide structure to develop the technique.
Methods
Cloning and sequencing of TBV-lily eDNA fragments. A purified virus preparation from Lilium longiflorum cv. Flevo, naturally doubleinfected with TBV-Iily and lily symptomless virus (LSV), was used for the isolation of viral RNA (Memelink et al., 1990) . Viral RNA was extracted from these virions (Zuidema et al., 1989) and reverse transcribed into eDNA, essentially according to the procedure of Gubler & Hoffman (1983) . Oligo(dT) was used to prime first strand DNA synthesis, ds eDNA fragments were treated with EcoRI methylase, ligated to EcoRI linkers, EcoRI-digested and ligated into EcoRI-cleaved lambda gtl 1 arms. Packaged recombinant phage DNA was plated on Escherichia coil strain YI090 (Memelink et al., 1990 ).
The eDNA library was screened with a rabbit antiserum raised against purified virions of TBV from tulip cv. Jack Laan (TBV-tulip; Derks et al., 1982) . Rescreening of the library with radioactively labelled eDNA (sub-)fragments and isolation of lambda DNA were done essentially as described by Sambrook et al. (1989) . The eDNA inserts were subcloned into M13tg130/131 vectors (Kieny et al., 1983) and dideoxynucleotide sequencing was done as described by Sanger et al. (1977) . The nucleotide sequence of the 3'-terminal part of TBV-Iily was determined from both DNA strands for at least one of the eDNA clones. All nucleotide data were collected, assembled and analysed with a VAX computer using the Genetics Computer Group sequence analysis software package (Devereux et al., 1984) .
Viruses and RNA preparations. The viruses used in the experiments were all isolated from bulbous crops. Bean yellow mosaic virus (BYMV) was isolated from gladiolus, iris mild mosaic virus (IMMV) from Dutch iris cv. Prof. Blaauw, iris severe mosaic virus (ISMV) from Crocus vernus cv. Remembrance, hyacinth mosaic virus (HyMV) from hyacinth, TBV-Iily from L. longiflorum ev. Flevo, freesia mosaic virus (FrMV) from freesia cv. Golden Yellow, lily virus X (LVX) and LSV from lily Asiatic hybrids, and nerine yellow stripe virus (NeYSV) from a nerine hybrid. Nerine latent virus (NeLV) and nerine virus Y (NeVY) were provided by Dr D. Z. Maat (Wageningen, The Netherlands), and narcissus latent virus (NaLV) by Dr A. A. Brunt (Littlehampton, U.K.). The partially characterized virus isolate from gloriosa was originally isolated from Gloriosa rothschildiana by Dr D.-E. Lesemann (Braunschweig, Germany). Total RNA used in the RT-PCR assays was isolated from leaves of infected or uninfected plants by phenol/ chloroform extraction; 50 to 100 mg of leaf material was ground under liquid nitrogen, mixed with 400 ttl phenol and 400 ttl extraction buffer containing 1 ~-Tris-HC1 pH 8.0, 100 mM-LiCI, 10 mM-EDTA and 1% SDS, and incubated for 5 min at 65 °C. After centrifugation, the water phase was extracted several times with phenol/chloroform (1/1), and RNA was precipitated with ethanol and dissolved at a concentration of 0-5 to I p.g/ttl; the average recovery of total RNA was about 0.5 ltg/mg leaf material.
Oligonucleotides. Oligonucleotide primers were synthesized on an Applied Biosystems DNA synthesizer. Two types of degenerate oligonuclcotide primers were made, one type with different nucleotides added as a mixtute at degenerate positions (fuUy degenerate primers) and one type with deoxyinosines added at positions of more than twofold degeneracy (deoxyinosine primers).
RT-PCR. RT was performed on 1 to 2 I~g of total RNA extracted from leaves in a reaction volume of 20 ttl containing 67 mM-Tris-HCl pH 8.8, 16 mM-(NH,)2SO4, 6-7 ml~-MgCl2, 6-7 gM-EDTA, 380 ~ each dNTP, 50 pmol downstream primer or 50 pmol random hexamers, 5 units (U) RNasin (Gibco BRL) and 60 U Moloney murine leukaemia virus reverse transcriptase (Gibco BRL). When downstream primers were used, incubation was for 60 rain at 42 °C; when random bexamers were used, incubation was for 10 min at 0 °C, 10 rain at 30 °C and 30 rain at 42 °C.
For amplification of the 335 bp fragment, 10 gl RT mix was added to 40 ttl polymerase reaction mixture containing 10 m~-Tris-HC1 pH 8-8, 50 nu~-KCI, 1.5 mM-MgC12, 20 Dg/ml gelatin, 1 U Taq polymerase (Gibco BRL), 25 pmol upstream primer and I00 pmol downstream primer. Mixtures were layered with 50 ttl mineral oil and 45 reaction cycles were performed with periods of 5 rain for annealing at 60 °C, 1 rain for synthesis at 72 °C and 30 s for melting at 94 °C.
For amplification of the 200 bp, 341 bp and 1 kb fragments, 10 ~tl RT mix was added to 40 ttl polymerase reaction mixture containing 10 mMTris-HCl pH 8.8, 50 mM-KC1, 1.5 mlvl-MgCi2, 20 ttg/ml gelatin, 1 U Taq polymerase (Gibco BRL), 25 pmol upstream primer and 25 pmol downstream primer. Mixtures were layered with 50 ttl mineral oil and 33 reaction cycles were performed with periods of 3 min for annealing at 52 °C, 1 rain for synthesis at 72 °C and 30 s for melting at 94 °C.
Aliquots (10 Id) of the reaction mixtures were analysed on 1.5% Seakem agarose gels in the presence of 0.5 ~tg/ml ethidium bromide.
Restriction enzyme digestion of amplified fragments. A sample of the amplification reaction mixture (10 ttl) was directly digested with 10 U TaqI (Gibco BRL), after the addition of MgC12 to a concentration of 5 raM; incubation was for 2 h at 65 °C.
Cloning and sequencing of amplified fragments. After electrophoresis, amplified DNA fragments were isolated from agarose gels by freezing and squeezing (Tautz & Renz, 1983) , repaired with T4 DNA polymerase (Gibco BRL) and blunt end-ligated in the HincII-digested Ml3tgl30 or -131 cloning vectors. The DNA fragments were sequenced by the method of Sanger et al. (1977) .
Southern blotting. A panel of amplified fragments was analysed on agarose gels and subsequently transferred to nitrocellulose membranes. Labelling of single agarose-purified, amplified 335 bp fragments was done with [32p]dATP by the random priming method of Feinberg & Vogelstein (1983) . Probe hybridization was performed in 60% formamide and 5 × SSC for 16 h at 42 °C (Sambrook et al., 1989) . Three washing steps in 1 x SSC were performed at 42 °C before exposure of the filters to X-ray film.
Serology. The same leaf samples used for RT-PCR were tested in an indirect ELISA with antigen-coated plates (Hsu et al., 1988) with the following modifications. The final dilutions of the leaf samples were 1 "100; potyvirus group-specific monocional antibodies (MAbs) from Agdia (Jordan, 1989) were used at a dilution of l:100 in conjugate buffer supplemented with normal horse serum (dilution 1:250); the substrate was incubated for 2 h at 37 °C, followed by 16 h at 4 °C.
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3"-Terminal sequence of TBV-lily RNA
TBV-Iily was isolated from lily crops and identified as an aphid-borne potyvirus with strong serological relationship to TBV-tulip (Derks et al., 1982) ; although the virus is endemic in lily plants, it can be propagated in tulips in which it causes symptoms similar to those caused by TBV-tulip (Asjes et al., 1973) . The difference between TBV-Iily and TBV-tulip is illustrated by the fact that viral cDNA probes derived from the 3'-terminal part of the TBV-Iily genome do not cross-hybridize with TBVtulip viral RNA (our unpublished results). In order to characterize the virus in more detail and to obtain viral sequences for application of the PCR to the detection of the virus in different types of crops, a cDNA library was constructed in lambda gtll from purified TBV-Iily genomic RNA and screened with antisera raised against TBV-tulip. Two positive clones with inserts of 1150 bp (B1) and 1586 bp (B3) were isolated and subjected to sequence analysis. Fig. 1 shows the region of the potyvirus genome contained in these clones; clone B3 contained part of the 3'-terminal poly(A) tail of the virus. Fig. 2 shows the sequence of the T-terminal 1586 nucleotides of TBV-lily; it contains a 3" non-coding sequence of 239 nucleotides and a reading frame encoding the C-terminal 449 acids of the viral polyprotein. The amino acid sequence similarity with known potyviruses was about 55%. Comparison with the polyproteins of tobacco vein mottling virus (TVMV; Domier et al., 1986) and tobacco etch virus (TEV; Dougherty et al., 1988) suggested that TBV-Iily coat protein is cleaved from its precursor at a proteolytic site located between the Gin and Ala residues, numbered -1 and + 1 in Fig. 2 , respectively. The predicted Mr of the TBV-Iily coat protein is 30K, which is in agreement with estimates from SDS-PAGE (results not shown).
Design of oligonucleotide primers for RT-PCR
Alignment of published potyvirus coat protein sequences revealed regions of extensive sequence conservation in the central core domain (Shukla & Ward, 1988) . For the construction of degenerate primers, we screened the coat proteins of nine potyviruses for regions of conserved amino acid residues encoded by codons of low degeneracy, i.e. those of BYMV (Hammond & Hammond, 1989) , soybean mosaic virus isolate N (Eggenberger et al., 1989) , TEV isolate HAT , plum pox potyvirus (PPV; Ravelonandro et aL, 1988) , pepper mottle virus , potato virus Y isolate D (PVY-D; Shukla, 1986) , TVMV (Domier et al., 1986) , sugarcane mosaic virus isolate JG (Gough et al., 1987) and TBV-Iily. The conserved amino acid sequences MVWCIENG (residues 124 to 131 of the TBV-Iily coat protein) and AHFQMKTA (residues 224 to 231 of the TBV-Iily coat protein) were selected for construction of an upstream primer (U335) and a downstream primer (D335), respectively. The upstream and downstream primers (Table 1) inosines incorporated at positions of more than twofold degeneracy to reduce the complexity of the primers (Knoth et al., 1988) . Nucleotides encoding restriction sites were added to the 5' terminus of the primers for cloning purposes. The sequence between these upstream and downstream primers represents a highly conserved region of the coat protein cistron which should be identical in size in every potyvirus. A different set of primers was designed to amplify the unconserved 5"-terminal part of the coat protein cistron. The RNA-dependent RNA polymerase-related motif TVVDNTLMV, present in the NIb cistron (Kamer & Argos, 1984) and highly conserved in available potyvirus sequences including PPV (Maiss et al., 1989) , PVY-N (Robaglia et al., 1989) , TVMV (Domier et al., 1986) and TEV (Allison et al., 1986) , was used to design the upstream primer (U1000). The downstream primer (D1000) was made complementary to the nucleotide sequence encoding the amino acid sequence, MVWCIENG, in the coat protein cistron. In these primers, deoxyinosines were incorporated at positions of more than twofold degeneracy (Table 1 ). The size of the amplified fragment was expected to be approximately 1 kb and was dependent on the size of the N terminus of the coat protein gene and possible variation in the carboxy terminus of the NIb replicase gene. This unconserved part of the potyvirus genome should be especially suitable for restriction fragment length polymorphism (RFLP) analysis aimed at characterizing potyviruses, or mixed infections of strains and distinct viruses. The genomic location of the two different primer sets is shown in Fig. 1 .
Two non-degenerate primers complementary to TBVlily sequences (U200 and D200; Table 1) were constructed to test each of the degenerate primers U335 and D335 in combination with a non-degenerate primer.
Specificity of degenerate primer PCR
Each fully degenerate primer complementary to a conserved region in the coat protein cistron was
ATGCAC TCCTTACTTGGAATTTCTATGTAAATC C TCGAATAAACAGCAC TAGTAACT TGC TAATATATC TAC C TCG TTTATTCC GTAG TATCC TATC TTT TAGCCCAACTTT TTGTGTTA Positions of the primers in the TBV-Iily nucleotide sequence.
examined first in combination with a non-degenerate primer on a cloned eDNA fragment of TBV-lily. Four different combinations of degenerate and non-degenerate primers were tested by the PCR as shown in Fig. 3 .
The length of the amplified fragments corresponded in all cases with the position of the primers on the TBV-Iily sequence. Under optimal conditions, the combination of the two non-degenerate TBV-Iily primers U200 and Fig. 3 D200 yielded a single fragment of 200 bp. However, under the suboptimal conditions required for amplification with degenerate primers, a second fragment of about 220 bp was obtained with the U200/D200 primer set (Fig. 3, lane 5 ). When the upstream primer in the U200/D200 set was replaced by the degenerate primer U335, a single fragment of 158 bp was amplified without loss of sensitivity (Fig. 3, lane 4) . Replacement of the downstream primer in the U200/D200 set with the degenerate downstream primer D335 resulted in the amplification of the expected 377 bp fragment, but the efficiency was significantly reduced (Fig. 3, lane 3) . In addition, the number of background fragments increased, reflecting the highly degenerate nature of the downstream primer. Although the number of total degeneracies for the combination of the fully degenerate primers U335 and D335 exceeded 107 (384 x 36864), the expected fragment of 335 bp was amplified when these primers were used in the PCR (Fig. 3, lane 2 ).
The degenerate primers were then tested by RT-PCR with total RNA isolated from TBV-lily-infected tulip plants or viral RNA from purified TBV-lily virions. In preliminary experiments the degenerate downstream primer D335 was used to prime cDNA synthesis in the RT reaction prior to the PCR. The excessive number of background fragments found prompted us to test alternative methods for priming cDNA synthesis. It turned out that priming cDNA synthesis with random hexamers was a better method when subsequent amplification was done using fully degenerate primers (results not shown). Optimization of reaction conditions also included the determination of the molar ratio of degenerate upstream (384 degeneracies) and downstream (36864 degeneracies) primers U335 and D335. Despite the near 100-fold difference in primer degeneracies, amplification with fully degenerate primers was most efficient if the more degenerate downstream primer D335 was added in three-to fivefold excess over the less degenerate upstream primer U335, suggesting that a relatively high number of mismatches is allowed in priming cDNA synthesis (results not shown). Primers containing deoxyinosines were added in a one to one molar ratio because of almost equal degeneracies in upstream and downstream primers.
Analysis of viruses with degenerate primer R T -P C R
A panel of viruses isolated from bulbous crops was subjected to RT-PCR with degenerate primers. These viruses and their respective host plants are listed in Table  2 . The panel included six definite members of the potyvirus group, IMMV (Brunt, 1986) , ISMV (Brunt et al., 1988) , BYMV (Bos, 1970) , HyMV (Derks & Vinkvan den Abeele, 1980) , FrMV (Van Koot et al., 1954) and TBV-lily, two prospective members, NeVY (Balasingam et al., 1988) and NeYSV (Balasingam et al., 1988) , and a partially characterized virus isolated from gloriosa plants (provided by Dr D.-E. Lesemann). As controls, three carlaviruses, NaLV (Brunt, 1977) , NeLV (Maat et al., 1978) , LSV (Allen, 1972) , and one potexvirus, LVX (Memelink et al., 1990) , were included in the panel. Serotyping of the potyviruses prior to analysis by RT-PCR revealed that the virus isolated from gloriosa plants was different from gloriosa stripe mosaic virus (Koenig & Lesemann, 1974 ; D.-E. Lesemann, personal communication) and cross-reacted with an antiserum raised against NeVY. A commercially available MAb recognizing a potyvirus group-specific epitope (Jordan, 1989) did not react with the two nerine viruses, NeVY and NeYSV, nor with the virus isolated from gloriosa; all other potyviruses of the panel reacted positively with this MAb (Table 2) .
Total RNA was isolated from plants infected with single virus isolates, with the exception of the NeYSV isolate which was contaminated with NeLV. Results of amplification reactions with the U335/D335 primer set are shown in Fig. 4 . Amplification of a 335 bp fragment was observed in all reactions with potyvirus-infected plant RNAs, including the RNAs from plants infected with the prospective members, i.e. the viruses from nerine and the isolate from gloriosa. With some RNA preparations, including that from healthy iris plants (Fig. 4b, lane 2) , non-specific bands of different sizes (Jordan, 1989) . § ~rD, Not determined.
were amplified. No visible bands on the agarose gels were observed with the RNA from the three carlaviruses and the potexvirus, indicating that the degenerate primers specifically recognized potyvirus sequences. The integrity of the RNA from LSV-and LVX-infected plants was confirmed by parallel RT-PCR with LSV-• and LVX-specific primer sets (Fig. 4c, lanes 3 and 5) .
These primers corresponded to nucleotides 1604 to 1622 and 1887 to 1906 of LSV, and nucleotides 1838 to 1857 and 2228 to 2248 of LVX in the sequences reported by Memelink et al. (1990) . Amplification of ISMV-infected plant RNA was less efficient than that of other RNAs and a non-specific fragment that differed in size from the 335 bp fragment appeared (Fig. 4b, lanes 1 and 2) . Electron microscopic analysis showed that far fewer virus particles were present in ISMV-infected tissue than in most other tissues. The non-specific fragment was amplified also with deoxyinosine primers U341 and D341 (data not shown). In general, the results obtained on all RNA preparations with the U341/D341 primers were qualitatively similar to those obtained with the U335/D335 primers; these results are summarized in Table 2 . Quantitatively, however, detection with the U341/D341 primers was more sensitive (see below).
The deoxyinosine primers UI000 and D1000, spanning the unconserved N-terminal part of the coat protein, supported amplification of a 1 kb fragment of BYMV, NeVY, FrMV and the virus isolated from gloriosa (Fig. 5, lanes 1 to 4) ; as expected there was a slight difference in the size of the amplified fragments.
Remarkably, four of the definite potyviruses did not show amplification of a 1 kb fragment ( Table 2 ). The absence of the fragment may be explained either by a difference between the upstream primer sequence and the viral sequences, or by incomplete eDNA synthesis. Because random hexamer-primed cDNA synthesis did not support subsequent amplification of the 1 kb fragment with any of the RNAs listed in Table 2 , cDNA was routinely primed with the downstream primer DI000. Amplification of a 1 kb fragment was not observed in any of the controls, indicating that this set of primers also acts in a potyvirus-specific manner.
Sensitivity of degenerate primer PCR
The sensitivity of the RT-PCR with degenerate and nondegenerate primers was estimated by the appearance of visible amplified fragments on agarose gels in eDNA dilution series (Fig. 6) ; RT reaction conditions were identical for all sets of primers whereas the annealing temperature in the PCR was adapted for each particular set of primers. Total RNA from TBV-lily-infected plants was converted into eDNA and amplified at different concentrations with the TBV-lily-specific primers U200/D200 and the deoxyinosine primers U341/D341 (Fig. 6a) . The least amount of RNA corresponding to the eDNA present in the amplification reaction mixture giving a visible band on agarose gels was estimated at 50 fg (Fig. 6a, lane 2) for specific primers and between 5 and 50 pg for deoxyinosine primers (Fig. 6a, lanes 10 and  11) . Thus, under the conditions used, the performance of the specific primers was 100-to 1000-fold better than that of the deoxyinosine primers on the same template.
To determine the sensitivity of the degenerate primers in terms of virus particles, viral R N A from purified TBV-lily virions was used as template for R T -P C R (Fig.  6b) . Amplified fragments became visible on agarose gels with 6 ng R N A for the fully degenerate primers U335/D335 (Fig. 6b, lane 13 ) and 6 pg R N A for the deoxyinosine-containing primers U341/D341 (Fig. 6b,  lane 4) . These values correspond to 120 ng and 120 pg of virus particles, respectively, and show that the sensitivity of PCR with deoxyinosine primers is 100-to 1000-fold greater than that with fully degenerate primers.
RFLP analysis of the 1 kb fragment
The amplified 1 kb fragments of BYMV, NeVY, FrMV and the gloriosa isolate were digested with TaqI (Fig 5,   lanes 6 to 9) ; the restriction fragment pattern was different for each virus. The sizes of the fragments generated from the gloriosa isolate, BYMV and FrMV sum to the original size of the amplified fragment, indicating that these viruses are indeed single isolates. The NeVY restriction pattern (Fig. 5, lane 6) , however, shows a number of fragments summing to more than 2 kb, indicating a mixed infection of either different strains or distinct viruses, or incomplete digestion. Prolonged electrophoresis of the corresponding 1 kb fragment (Fig. 5, lane 1) did not produce separate fragments.
Cross-hybridization of amplified fragments
To reveal possible relationships between the definite and prospective viruses listed in Table 2 , the amplified 335 bp fragment from each potyvirus was isolated by agarose gel electrophoresis and labelled with [32p]dATP according to the random primer labelling method (Feinberg & Vogelstein, 1983) . Series of hybridizations were performed after transfer of amplified fragments from agarose gels to nitrocellulose filters. A moderate level of stringency was used during hybridization and subsequent washes of the blots in order to detect related strains, which should have greater than 90~o sequence similarity (Shukla & Ward, 1989) . Fig. 7 gives the results . Sensitivity of degenerate and non-degenerate primer PCR on total RNA and viral RNA from purified TBV-Iily. RNA was converted into cDNA by priming with random hexamers, cDNA was diluted and subjected to 35 cycles of PCR. Primer annealing conditions were 2 min at 60 °C for the TBV-lily specific primers and fully degenerate primers, and 2 min at 50 °C for the deoxyinosine primers. (a) Lanes 1 to 8, 107 to 10 ° dilutions of cDNA made using 50 ng of total RNA from TBV-Iily and amplified with TBV-lily-specific primers U200/D200; lanes 10 to 14, 104 to 10 ° dilutions of cDNA made using 50 ng of total RNA from TBV-Iily and amplified with deoxyinosine primers U341/D341. Lane 9, TaqI-digested pEMBL18 markers. (b) Lanes 1 to 8, 107 to 10 ° dilutions ofcDNA made using 60 ng of viral TBV-tulip RNA and amplified with deoxyinosine primers U341/D341 ; lanes 10 to 14, 10 a to 10 ° dilutions of cDNA made using 60 ng of viral TBV-tulip RNA and amplified with fully degenerate primers U335/D335. Lanes 9 and 15, TaqI-digested pEMBL18 markers.
(b) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Fig. 7 . Southern blot analysis of amplified fragments. The amplified 335 bp fragments of NeVY (lanes 1), BYMV (lanes 2), gloriosa isolate (lanes 3), IMMV (lanes 4), ISMV (lanes 5), FrMV (lanes 6), NeYSV (lanes 7), HyMV (lanes 8), healthy iris plant (lanes 9), NaLV (lanes 10), NeLV (lanes 11), LVX (lanes 12), LSV (lanes 13) and TBV-Iily (lanes 14) were separated on 1.5~ agarose gels (a). After transfer to nitrocellulose filters the fragments were probed with the cloned 335 bp fragments of the gloriosa isolate (b). 
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Sequence analysis of the 335 bp fragment from the gloriosa virus
Fully degenerate primers U335 and D335 were used to amplify the 335 bp DNA fragment on total RNA isolated from gloriosa plants infected with the prospective potyvirus isolate. It was found that direct sequencing of amplified 335 bp fragments with any of the degenerate primers did not result in specific sequence patterns. Therefore the 335 bp fragment from the gloriosa isolate was cloned into the phage vector M 13tg 130 for sequence analysis, and a single clone was isolated and subjected to sequence analysis. The sequence was aligned with the TBV-lily sequence (Fig. 8) . The size of the amplified fragment was shorter than expected; the complementary downstream primer sequence starts five nucleotides upstream from the homologous sequence in TBV-Iily, which is possibly due to alternative priming of the highly degenerate downstream primer. The RNA and amino acid sequence similarity between TBV-lily and the gloriosa isolate is 66~o. The amino acid residues which are conserved in all other potyviruses (given in bold letters in Fig. 8 ) are also conserved in the gloriosa isolate, except for the residues at positions 13, 14 and 86.
Discussion
The potyvirus sequences available enabled the statistical design of degenerate primers for successful identification of some members and prospective members of the potyvirus group. Amplification of two DNA fragments covering a conserved and an unconserved region in the coat protein cistron allowed the identification of NeVY, NeYSV and a virus isolated from gloriosa as definite members of the potyvirus group. The fragment covering the conserved part of the coat protein was of unique size and was amplified on all potyvirus isolates. Priming of cDNA synthesis with random hexamers generated fragments of sufficient length to allow amplification of the 335 bp fragments, but not the 1 kb fragment, indicating that the average length of cDNA molecules is shorter than 1 kb. Priming was therefore done with the downstream deoxyinosine primer D1000, which produced fewer background fragments than the fully degenerate primer. Not all potyvirus isolates gave amplification of the 1 kb fragment, which suggests that either cDNA synthesis was incomplete or that primer annealing during PCR was suboptimal because of differences between the viral sequences and the upstream primer sequence; mismatches at the 3' termini of the primers are particularly likely to cause amplification to become inefficient and it may easily drop below the level of band visibility on agarose gels. It should be noted that the number of sequences which contributed to the design of these primers is rather limited and that only the positive results obtained by degenerate primer PCR allow conclusions to be drawn about the relationship of an unknown virus with the potyvirus group. An important property of the degenerate primers presented here is that they do not support amplification of DNA fragments on carlaviruses and the potexvirus tested so far. Carlaviruses and potexviruses are frequently found as contaminating viruses in potyvirus-infected bulbous crops.
Reactions with combinations of degenerate and nondegenerate primers showed that the degree of degeneracy in the primers has a strong negative effect on the efficiency of amplification reactions. Therefore the sensitivity of the RT-PCR was assessed by constructing primers with different degrees of complexity. The deoxyinosine primers that were constructed in addition to the fully degenerate set showed a 100-to 1000-fold increase in sensitivity over the fully degenerate primers and allowed detection of 6 pg of viral RNA, which corresponds to about 120 pg of virus particles. This is close to the sensitivity obtained in ELISA detection of potyviruses, which is in the range of 1 to 100 pg of virus particles (Barnett, 1986) . It is clear that a further increase in sensitivity might be obtained when the gels are analysed by Southern blot hybridization instead of by staining the DNA bands. Although the technique presented here has been designed for the identification of virus and not for routine testing for the presence of virus, the combination of high sensitivity and specificity makes the degenerate primer RT-PCR technique especially promising in cases where serological data are inconsistent or lacking. As shown in Fig. 6 , the use of nondegenerate, virus-specific primers in RT-PCR for sensitive detection of a known potyvirus is preferable.
A unique advantage of the application of RT-PCR in identification of new viruses is the opportunity it provides for classification and taxonomic studies, by subsequent molecular analysis of the amplified genomic regions. Cross-hybridization studies have been performed with the amplified fragments of all viruses in the panel except ISMV using conditions which should reveal inter-strain relationships. The results indicate that all the viruses are distinct potyviruses and do not include related strains. The cloning and sequencing of the 335 bp fragment of the gloriosa isolate confirmed the identity of this virus as a potyvirus and illustrated that it is distinct from TBV-Iily. The sequence similarity between the viral sequence is 66~ at both the amino acid and nucleotide levels; this value is characteristic for distinct potyviruses (Shukla & Ward, 1989) . Three amino acids which are fully conserved in other potyviruses are different in the gloriosa isolate, but the change at position 86 (Fig. 8 
